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by a prescribed interval as an imaginary rotation center 
when the bed is driven. This prevents any slippage of the 
care recipient’s body in relation to the platform surface, 
thereby Suppressing the occurrence of bedsores and realizing 
a natural sitting-up action that takes account of the care 
recipient’s body movement. 
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1. 

ADJUSTABLE BED 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to adjustable beds used in 

nursing care and the like, and in particular to improving 
controls for changing the posture of care recipients and so 
forth lying on the bed. 

2. Related Art 
Gatch beds having so-called Gatch mechanisms for per 

forming sitting-up and knee-break actions and so forth by 
flexing the platform surface of the bed longitudinally are a 
widely known type of adjustable bed. With a Gatch bed, as 
disclosed in Japanese Published Patent Application No. 
2000-135146, the platform surface is partitioned into an 
upper-body (i.e. includes upper and lower back) platform 
and a lower-body (i.e. includes upper and lower legs) 
platform that are linked together, with the Gatch mechanism 
being operated by manually or mechanically raising the 
upper and/or lower-body platforms to a prescribed angle 
from a reference bed surface (generally, “horizontal bed 
surface'). 

However, with adjustable beds such as the above Gatch 
bed, usually the motion center of the person (e.g. care 
recipient) lying on the platform Surface when performing a 
sitting-up or knee-break action does not correspond to the 
motion center of the bed (i.e. coupled position of the upper 
and lower body platforms), meaning that a displacement 
exists in the positional relationship between the motion 
centers of the bed and the care recipient’s body. 

If the sitting-up action, for example, is performed to raise 
the care recipient from a lying down position on the Gatch 
bed when such a displacement exists, the care recipients 
back ends up slipping down relative to the Surface of the 
upper-body platform. Shearing and frictional forces occur 
between the surface of the upper-body platform and the body 
because of the body weight at this time being placed on the 
upper-body platform. The shearing and frictional forces 
work against one another due to the care recipient’s body 
weight, causing problems such as the following. 

In the case of care recipients with motor disabilities, for 
example, the caregiver has to shift the care recipient to the 
correct position whenever the Gatch action is performed, 
because of the care recipient having slipped from the pre 
determined position on the bed surface. This places a large 
burden on the caregiver particularly when the sitting-up 
action is performed, since the caregiver is required to pull 
the care recipient’s body back up from where it has slipped 
down in relation to the surface of the upper-body platform. 

Moreover, with extended use of the bed, the shearing and 
frictional forces are exerted on the care recipient’s body 
every time a Gatch action is performed, the accumulation of 
which places a burden on the body. 
A similar problem also occurs when the lower-body 

platform is raised from the horizontal bed position to per 
form the knee-break action. That is, the care recipient’s legs 
slip down in relation to the surface of the raised platform. 

While such problems have led to steps currently being 
taken to align the Gatch beds motion center as near as 
possible to that of the care recipient, the height of the 
platform Surface in the prior art is generally raised when a 
bed is equipped with a Gatch mechanism, making it difficult 
to construct low platform beds Suited to care recipients. 

While Japanese Published Patent Application No. 2000 
135146, for example, discloses an adjustable bed as a Gatch 
bed that includes, as part of a sitting-up mechanism, a 
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2 
parallel link mechanism (parallelogram mechanism) in 
which one of a pair of horizontal links is fixed to the bed 
frame, it is necessary, structurally, to maintain a certain 
length of a perpendicular arm included in the parallel link, 
in order to allow the sitting-up mechanism to operate in an 
excellent fashion to raise the upper-body platform to a large 
angle. However, maintaining the length of this perpendicular 
arm raises the platform surface by a corresponding amount, 
making it difficult to structure the disclosed bed as a low 
platform bed. Because of the difficulties in maintaining 
safety and operability with beds having a high platform 
surface, the desire is to structure Gatch beds with as low a 
platform Surface as possible. 

SUMMARY OF THE INVENTION 

An object of the present invention, which was arrived at 
in view of the above problems, is to provide an adjustable 
bed that is not only usable as a low platform bed suited to 
care recipients, but also prevents the occurrence of bedsores 
and the like, and enables excellent Gatch actions to be 
performed that take account of the motion center of the care 
recipient’s body. 
To resolve the above problem, the present invention is an 

adjustable bed comprising a platform having a first Surface 
member and a second surface member disposed adjacently 
in a longitudinal direction of the bed, and a Gatch mecha 
nism for performing a Gatch action to raise a platform 
surface of the first surface member from a reference bed 
surface. Here, the Gatch mechanism includes a parallel link 
mechanism formed from a first arm group that lies in the 
longitudinal direction of the bed and a second arm group 
disposed at an angle intersecting the reference bed Surface, 
with the first surface member being coupled to the second 
arm group by a coupling part, and as a result of the second 
arm group, when the Gatch action is performed, being 
translationally driven while maintaining the angle intersect 
ing the reference bed surface, the Gatch mechanism raises 
the platform surface of the first surface member from the 
reference bed surface due to a circular motion of the 
coupling part around an imaginary rotation center located 
higher than the second surface member. 
The present invention can also be structured so that a 

Support arm lying in the longitudinal direction of the bed is 
fixed to the first arm group at a prescribed angle, and the 
Gatch action involves the Support arm rising up together 
with the translational action of the second arm group, with 
a coupling point of the first and second arm groups as a 
rotation center, and pushing the first Surface member up 
from below. 

Furthermore, an adjustable bed of the present invention 
can also be structured to include a mechanism that is 
interlocked with the Gatch mechanism, and elevates the end 
of the second surface member nearer the first surface mem 
ber to a position higher than the reference bed surface when 
the Gatch mechanism is driven. 

Specifically, the platform can also be structured to include 
at least one of (a) an upper-back platform and a lower-back 
platform, and (b) the lower-back platform and an upper-leg 
platform, with a combination of the first and second surface 
members equating to at least one of (a) the upper-back and 
lower-back platforms in the same order, and (b) the upper 
leg and lower-back platforms in the same order. 
The platform can be structured to further include a 

lower-leg platform that is moveably coupled to the upper-leg 
platform, with the lower-leg platform inclining together with 
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the upper-leg platform being raised from the reference bed 
surface when the Gatch mechanism is driven. 

According to an adjustable bed of the present invention 
having the above structure, the second arm group is elevated 
upward while maintaining the intersection angle of the 
reference bed surface, due to the operation of the parallel 
link mechanism within the Gatch mechanism when the bed 
is driven. This causes the part coupling the first Surface 
member to the second arm group to rise up in a circular 
motion around an imaginary rotation center located a pre 
scribed distance above the surface of the second surface 
member. The location of the imaginary rotation center near 
the motion center (e.g. a predetermined joint) of the care 
recipient’s body when flexed, allows the adjustable bed to 
move in Sympathy with the body's motion center (i.e. 
motion center of sitting-up or knee-break action). 

Thus, with the adjustable bed of the present invention, if 
the first Surface member is set as the upper-back platform, 
slippage of the care recipient’s body in relation to the Surface 
of the upper-back platform is prevented when the sitting-up 
action is performed, thereby suppressing the occurrence of 
bedsores and realizing a natural sitting-up action (i.e. pos 
tural change from lying to sitting position) that takes account 
of the care recipient’s body movement. 

Furthermore, a major feature of the adjustable bed of the 
present invention is the ability to increase the angle of the 
first surface member with respect to the reference bed 
surface when the bed is driven, in proportion to the length 
of the support arm. That is, in order to raise the first surface 
member more dynamically, the Support arm can be length 
ened so as to increase the linear distance from the tip of the 
Support arm to the pivotal coupling point of the first and 
second arm groups. Because the Support arm lies in the 
longitudinal direction of the bed, increasing the linear dis 
tance from the tip of the Support arm to the pivotal coupling 
point does not require the platform Surface height of the 
adjustable bed to be increased, thereby enabling the platform 
Surface to be kept at a low height. 

Since the provision of a conventional large-scale Gatch 
mechanism in a lower part of the bed is not necessary to 
obtain an excellent Gatch action, the adjustable bed of the 
present invention has the merit of being usable as a so-called 
low platform bed having a low platform surface. The adjust 
able bed of the present invention is thus able to lighten the 
caregivers workload, in addition to being usable as an 
extremely safe nursing care bed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects, advantages, and features of the 
invention will become apparent from the following descrip 
tion thereof taken in conjunction with the accompanying 
drawings, which illustrate specific embodiments of the 
present invention. 

In the drawings: 
FIG. 1 is a plan view showing a structure of an adjustable 

bed 1 of an embodiment 1; 
FIG. 2 is a side view of adjustable bed 1: 
FIG. 3 schematically shows a structure of a sitting-up 

Gatch mechanism; 
FIG. 4 schematically shows a structure of a knee-break 

Gatch mechanism; 
FIG. 5 schematically shows a state when the sitting-up 

mechanism is operated; 
FIG. 6 schematically shows a state when the knee-break 

mechanism is operated; 
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4 
FIG. 7 shows a state of the bed when the sitting-up and 

knee-break mechanisms are fully extended; 
FIG. 8 is a side view showing a structure of an adjustable 

bed 1000 of an embodiment 2; and 
FIG. 9 is a side view showing a structure of adjustable bed 

1000 when driven. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Embodiment 1 

1-1. Overall Structure of Adjustable Bed 
FIG. 1 is a plan view showing the structure of an 

adjustable bed 1 pertaining to embodiment 1. FIG. 2 is a side 
view of adjustable bed 1. 
As shown in FIG. 1, adjustable bed 1 has a structure in 

which two rectangular frames 2 and 3 (first frame 2 and 
second frame 3) overlap concentrically. 

First frame 2, which is larger than second frame 3, is 
formed from lengthwise beams 2R and 2L lying in a 
longitudinal direction of the bed, and crossbeams 2H and 2F 
lying in a width direction of the bed. Boards 50A and 50B 
are disposed on cross beams 2H and 2F, respectively. 

Second frame 3 is, similar to the first frame, formed from 
lengthwise beams 3R and 3L lying in the longitudinal 
direction, and cross beams 3H and 3F lying in the width 
direction. Two beams BM1 and BM2 lying parallel to cross 
beams 3H and 3F are disposed within the area of second 
frame 3, and actuators AC1 and AC2 are coupled respec 
tively to beams BM1 and BM2 so as to intersect opposing 
beams in plan view. 

Frames 2 and 3 are, as shown in FIG. 2, supported by a 
stage frame 4 of Substantially the same size as second frame 
3. Stage frame 4 also has lengthwise beams 4R and 4L lying 
in the longitudinal direction, and cross beams 4-H and 4F 
lying in the width direction. Castors. 5a to 5d are disposed 
one at each corner of cross beams 4H and 4F. 
A coupled platform 30 forming the platform surface of 

adjustable bed 1 is disposed above frames 2 and 3. Coupled 
platform 30 is portioned into a total of four surface mem 
bers; namely, an upper-back board 30a, a lower-back board 
30b, an upper-leg board 30c, and a lower-leg board 30d that 
correspond to the body position of a person (“care recipient’ 
in the present description) lying on the bed. 
Note that with FIG. 1 the outline of coupled platform 30 

is depicted with broken lines, in order to shown the internal 
structure of adjustable bed 1. 

Upper-back board 30a in coupled platform 30 is fixed at 
a bed-foot end (i.e. as opposed to the head end of the bed or 
"bed-head end') thereof to sitting-up mechanisms. 10R and 
10L (described below) whose axis is a bar 31. Lower-back 
board 30b is axially supported by first frame 2 with fixed 
shafts 301a and 301b provided at a bed-foot end thereof as 
axes. Upper-leg board 30c is secured by knee-break mecha 
nisms 20R and 20L (described below) whose axis is a bar32. 
Lower-leg board 30d is coupled to upper-leg board 30c by 
coupling parts 302a and 302b. Coupled platform 30 is held 
either directly or indirectly by frames 2 and 3, thus ensuring 
that platform 30 does not become separated from frames 2 
and 3. 

Under general conditions, coupled platform 30 is, as 
shown in FIG. 2, supported by protrusions 21R 24R and 
21L-24L provided above frame 2 (21L-24L on the far side 
of the bed are not depicted), and rollers 303R and 303L 
provided at the bed-foot end of lower-back board 30d. 
thereby keeping the platform surface parallel. 
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Note that as shown in FIG. 2, the platform surface formed 
by coupled platform 30 of adjustable bed 1 in a parallel state 
is referred to hereinafter as the “reference bed surface' (i.e. 
“horizontal bed surface' if adjustable bed 1 is disposed 
horizontally). 

Coupled platform 30 is flexed by the driving of actuators 
AC1/AC2 as well as sitting-up mechanisms. 10R/10L and 
knee-break mechanisms 20R/20L provided between first 
frame 2 and second frame 3, to perform sitting-up and 
knee-break Gatch actions. 

Note that FIG. 2 additionally depicts the structure of an 
optimal mattress 40 for use with adjustable bed 1 of embodi 
ment 1. Mattress 40 is formed from three mattress sections; 
namely, an upper-back mattress section 40a, a lower-back 
mattress section 40b, and a leg mattress section 40c divided 
in the longitudinal direction of the bed, thereby maintaining 
the mattress in an excellent fashion to match the Gatch 
action of coupled platform 30. Lower-back mattress section 
40b preferably is fixed to lower-back board 30b. Mattress 
sections 40a–40c have protrusions 401 a 401c and 402b that 
fit together in a complementary fashion in a thickness 
direction of the mattress. If, as shown in FIG. 7 for example, 
the bed is flexed as the result of a Gatch action that extends 
the bed in the longitudinal direction, the overall length of 
mattress 40 is extended due to protrusions 401 a 401c and 
402b shifting apart from one another, thereby effectively 
preventing coupled platform 30 from being exposed. 

Note that since not all of the mattress sections are required 
to fit together in a complementary fashion, the above mat 
tress may include separate mattress sections that do not 
overlap in the thickness direction. 
1-2. Sitting-Up Mechanism 

Sitting-up mechanisms 10R and 10L included in adjust 
able bed 1 are described here in detail. 

Sitting-up mechanisms 10R and 10L are, as shown in FIG. 
1, provided so as fit respectively into the space between first 
frame 2 and second frame 3 on the left and right sides in the 
width direction of the bed. 

FIG. 3 schematically shows the structure of sitting-up 
mechanism 10R. 
As shown in FIG. 3, sitting-up mechanism 10R is con 

stituted from a parallel link mechanism 15R, actuator AC1, 
a bar B1, a drive arm 105, a support arm 102R, and the like. 

Parallel link mechanism 15R is formed from a pair of 
perpendicular arms 110R/111R, and a pair of moving arms 
101R/104R. Perpendicular arm 110R is moveably coupled 
to moving arms 101R and 104R by pivotal coupling points 
154R and 153R, while perpendicular arm 111R is moveably 
coupled to moving arms 101R and 104R by pivotal coupling 
points 151R and 152R. The top end of perpendicular arm 
111R is rotationally supported by bar 31 of upper-backboard 
30. 

Perpendicular arm 110R is fixed to frames 2 and 4. In 
contrast, perpendicular arm 111R is freely movable, not 
being fixed to frames 2 and 4. Here, a feature of embodiment 
1 is the fact the pair of perpendicular arms 110R and 111R 
are always kept parallel in a perpendicular position, as a 
result of perpendicular arm 110R being fixed to frames 2 and 
4. 

Pivotal coupling point 154R in perpendicular arm 110R 
axially supports bar B1, whose axis is pivotal coupling point 
154R. Both ends of bar B1 are firmly secured by plates 6a 
and 6b as shown in FIGS. 1 and 2, while moving arm 101R 
and drive arm 105 coupled to the tip of shaft 70 in actuator 
AC1 are fixed at a prescribed angle to the circumferential 
surface of bar B1. The driving force of actuator AC1 is thus 
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6 
conveyed via drive arm 105 and bar B1 to parallel link 
mechanism 15R, which rotates around pivotal coupling 
point 154R (i.e. rotation center of parallel link). 
On the other hand, pivotal coupling point 151R in per 

pendicular arm 111R axially supports moving arm 101R and 
support arm 102R, which are fixed together at a prescribed 
angle. Support arm 102R lies in the longitudinal direction, 
and has a roller 103R provided at the tip thereof. Generally, 
roller 103R supports upper-back board 30a in a horizontal 
position, with the angle between moving arm 101R and 
support arm 102R being set so that roller 103R is tucked 
underneath upper-back board 30a (in the FIGS. 2 and 3 
examples, roller 103R contacts with the underside of upper 
back board 30a). 
On moving arm 101R is disposed a lifting arm 106R that 

faces toward coupled platform 30. Lifting arm 106R has a 
roller 107R provided at a tip thereof, and operates as part of 
the sitting-up mechanism to push lower-back board 30b up 
from below and keep lower-back board 30b at a prescribed 
angle with respect to the reference bed surface. 

Providing parallel link mechanism 15R having the pair of 
perpendicular arms 110R/111R and always keeping arms 
110R/111R in a perpendicular position allows sitting-up 
mechanism 10R to perform the sitting-up action around an 
imaginary rotation center O located a prescribed distance 
from the surface of lower-back board 30b, based on the 
translational driving of parallel link mechanism 15R when 
the bed is driven (see FIG. 5). Imaginary rotation center O 
is provided so as to be near the motion center of the care 
recipient’s body when the sitting-up action is performed. 
The effects of the sitting-up mechanism are described in 

a later section. 
Note that the structure of sitting-up mechanism 10L is 

similar to sitting-up mechanism 10R. 
Because sitting-up mechanisms. 10R and 10L, as shown in 

FIG. 1, share bar B1, actuator AC1 and drive arm 105, 
mechanisms 10R and 10L are driven simultaneously in the 
same manner when the action is performed. 
Note that the actions of actuators AC1 and AC2 may be 

controlled, for example, by any of a range of motor drivers 
and microcomputers available on the market, and that drive 
Settings (e.g. manual/automatic, program settings) can be 
carried out by the care recipient or caregiver via a remote 
controller connected to the microcomputer. 
1-3. Knee-Break Mechanism 

Knee-break mechanisms 20R and 20L included in adjust 
able bed 1 are described here in detail. 

Knee-break mechanisms 20R and 20L are, as shown in 
FIG. 1, provided in the space between first frame 2 and 
second frame 3 on the left and right sides of the bed in the 
width direction. Knee-break mechanisms 20R and 20L 
approximately resemble sitting-up mechanisms. 10R and 
10L described above. 

FIG. 4 schematically shows the structure of knee-break 
mechanism 20R. 
As shown in FIG. 4, knee-break mechanism 20R is 

constituted from a parallel link mechanism 25R, actuator 
AC2, a bar B2, a drive arm 205, a support arm 202R, and the 
like. 

Parallel link mechanism 25R is formed from a pair of 
perpendicular arms 210R and 211R, and a pair of moving 
arms 201R and 204R. Perpendicular arm 210R is moveably 
coupled to moving arms 201R and 204R by pivotal coupling 
points 254R and 253R, while perpendicular arm 211R is 
moveably coupled to moving arms 201R and 204R by 
pivotal coupling points 251R and 252R. Perpendicular arm 
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210R is fixed to frames 2 and 4. In contrast, perpendicular 
arm 211R is freely movable, not being fixed to frames 2 and 
4. Here, a feature of embodiment 1 is the fact the pair of 
perpendicular arms 210R and 211R are always kept parallel 
in a perpendicular position, as a result of perpendicular arm 5 
210R being fixed to frames 2 and 4. The top end of 
perpendicular arm 211R is rotationally supported by bar 32 
attached to upper-leg board 30c. 

Bar B2 is provided at pivotal coupling point 254R, which 
also forms the axis of bar B2. Both ends of bar B2 are firmly 10 
secured by plates 6c and 6d as shown in FIGS. 1 and 2, while 
moving arm 201R and drive arm 205 coupled to the tip of 
shaft 71 in actuator AC2 are fixed at a prescribed angle to bar 
B2. The driving force of actuator AC2 is thus conveyed via 
drive arm 205 and bar B2 to parallel link mechanism 25R, 15 
which rotates around pivotal coupling point 254R (i.e. 
rotation center of parallel link). 
On the other hand, moving arm 201R and support arm 

202R are fixed together at a prescribed angle at pivotal 
coupling point 251 R. Support arm 202R lies in the longi- 20 
tudinal direction, and has a roller 203R provided at the tip 
thereof. Generally, roller 203R keeps upper-leg board 30c in 
a horizontal position, with the angle between moving arm 
201R and support arm 202R being set so that roller 203R is 
tucked underneath upper-leg board 30c (in the FIGS. 2 and 25 
4 examples, roller 203R contacts with the underside of 
upper-leg board 30c). 

Providing parallel link mechanism 25R having the pair of 
perpendicular arms 210R/211R and always keeping arms 
210R/211R in a perpendicular position allows knee-break 30 
mechanism 10R to perform the knee-break action around an 
imaginary rotation center X located a prescribed distance 
from the surface of lower-back board 30b, based on the 
translational driving of parallel link mechanism 25R when 
the bed is operated (see FIG. 6). Imaginary rotation center X 35 
is provided so as to be near the motion center of the care 
recipient’s body when the knee-break action is performed. 
The effects of the knee-break mechanism are described in 

a later section. 
Note that the structure of knee-break mechanism 20L is 

similar to knee-break mechanism 20R. 
Because knee-break mechanisms 20R and 20L, as shown 

in FIG. 1, share bar B2, actuator AC2 and drive arm 205, the 
two mechanisms are driven simultaneously in the same 
manner when the action is performed. 45 
1-4. Operation of Sitting-Up Mechanism 

Adjustable bed 1 having the above structure is used with 
a mattress such as mattress 40 shown in FIG. 2 laid on 
coupled platform 30. Under general conditions as shown in 50 
FIG. 2, coupled platform 30 (30a–30d) is set to form a 
Substantially horizontal Surface. 
When a user (caregiver in the given example) selects and 

executes an item relating to 'sitting-up action from a menu 
via a remote controller, firstly actuator AC1 attached to beam 55 
BM1 of second frame 3 operates to extend shaft 70. Due to 
the driving force of actuator AC1, drive arm 105 coupled to 
the tip of shaft 70 rotates on bar B1. 

Parallel link mechanisms 15R/15L in sitting-up mecha 
nisms. 10R/10L are translationally driven by the rotation of 60 
bar B1. A schematic structure of sitting-up mechanism OR 
during the sitting-up action is shown in FIG. 5. The rotation 
of bar B1 elevates moving arm 101R fixed to bar B1 together 
with moving arm 104R, around pivotal coupling point 154R 
as the rotation center. Because of perpendicular arm 110R 65 
being fixed perpendicularly to frames 2 and 4, perpendicular 
arm 111R is elevated upward at this time, while maintaining 

8 
a perpendicular position. Bar 31 coupled to the tip of 
perpendicular arm 111R is elevated around imaginary rota 
tion center Olocated a prescribed distance above the surface 
of lower-back board 30b, in a circular motion whose radius 
is a distance r1 from imaginary rotation center O to pivotal 
coupling point 154R. The coupling of bar 31 to upper-back 
board 30a means that, ultimately, the bed-foot end of upper 
back board 30a is elevated by this circular motion. 
On the other hand, due to a circular motion whose radius 

is a linear distance r2 from pivotal coupling point 154R (i.e. 
rotation center of parallel link) to the tip of support arm 
102R, roller 103R disposed at the tip of support arm 102R 
rolls down the underside of upper-back board 30a to provide 
Support. 

Furthermore, following the action of parallel link mecha 
nism 15R, roller 107R at the tip of lifting arm 106R, which 
is provided on moving arm 101R, pushes the end of lower 
back board 30b nearer to upper-back board 30a upward, so 
as to incline board 30b at a prescribed angle. 
The above sitting-up action is performed simultaneously 

using sitting-up mechanisms. 10R and 10L. Also, drive shaft 
70 of actuator AC1 can be retracted to reverse this action. 

With adjustable bed 1, this series of mechanisms results in 
the sitting-up action being performed by a circular motion 
around imaginary rotation center O located a prescribed 
distance above the surface of lower-back board 30b. The 
location of imaginary rotation center O near the motion 
center (e.g. a predetermined joint) of the care recipients 
body when flexed, allows the sitting-up mechanism to 
operate in sympathy with the body's motion center. This 
prevents any slippage of the care recipient’s body in relation 
to the surface of upper-back board 30a when the sitting-up 
action is performed, thereby suppressing the occurrence of 
bedsores and realizing a natural sitting-up action (i.e. pos 
tural change from lying to sitting position) that takes account 
of the care recipient’s body movement. 
A major feature of adjustable bed 1 of embodiment 1 is 

being able to increase the angle of upper-back board 30a 
with respect to the reference bed surface when the sitting-up 
action is performed, in proportion to the length of radius r2 
(see FIG. 5). 

Specifically, in order to incline upper-back board 30a 
more dynamically to perform the sitting-up action, either 
support arm 102R (and support arm 102L) or the pair of 
moving arms 101R/104R (and moving arms 101 L/104L) 
lying in the longitudinal direction of the bed can be length 
ened, thereby enabling the platform surface of coupled 
platform 30 in adjustable bed 30 to be maintained at a low 
height. 
As a result, adjustable bed 1 of embodiment 1 has the 

merit of being usable as a so-called low platform bed having 
a low platform Surface, since an excellent Gatch action is 
obtained without needing to provide a large-scale Gatch 
mechanism in a lower part of the bed as in the prior art (e.g. 
technology disclosed in Japanese Published Patent Applica 
tion No. 2000-135146). 

Adjustable bed 1 of embodiment 1 is thus able to lighten 
the workload on the caregiver, and be used as an extremely 
safe nursing care bed. 
Note that by initially raising upper-back board 30a in the 

sitting-up action to a slightly larger angle (e.g. approx. +5 
degrees) than target angle of inclination and then lowering 
board 30a back to the target angle, it may be possible to 
reduce any physical pressure felt the care recipient. 

Furthermore, with adjustable bed 1 of embodiment 1, as 
shown in FIG. 5, upper-back board 30a and lower-back 
board 30b form a smoothly curved surface that allows the 
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flexion action of the care recipient’s body to be gently 
supported, because of roller 107R at the tip of lifting arm 
106R, which is provided on moving arm 101R, pushing 
lower-back board 30b upward to incline board 30b at a 
prescribed angle. In addition to this, any sinking of the care 
recipient’s lower-back position is effectively prevented by 
lower-back board 30b being pushed upward. 
1-5. Operation of Knee-Break Mechanism 
The knee-break action performed by adjustable bed 1 is 

similar to the sitting-up action in terms of the mechanism 
used. 

Under general conditions as shown in FIG. 2, when a user 
(caregiver in the given example) selects and executes an 
item relating to “knee-break action' from a menu via a 
remote controller in a state in which coupled platform 30 
(30a–30d) is set to be substantially horizontal, firstly actua 
tor AC2 attached to beam BM2 of second frame 3 operates 
to extend shaft 71. Due to the driving force of actuator AC2, 
drive arm 205 coupled to the tip of shaft 71 rotates on bar 
B2. 

Parallel link mechanisms 25R/25L in knee-break mecha 
nisms 20R/20L are translationally driven by the rotation of 
bar B2. A schematic structure of knee-break mechanism 20R 
during the knee-break action is shown in FIG. 6. The 
rotation of bar B2 elevates moving arm 201R fixed to bar B2 
together with moving arm 204R, around pivotal coupling 
point 254R as the rotation center. Because of perpendicular 
arm 210R being fixed perpendicularly to frames 2 and 4. 
perpendicular arm 211R is elevated upward at this time, 
while maintaining a perpendicular position. Bar 32 coupled 
to the tip of perpendicular arm 211R is thus elevated around 
imaginary rotation center X located a prescribed distance 
above the surface of lower-back board 30b, in a circular 
motion whose radius is a distance r3 from imaginary rotation 
center X to pivotal coupling point 254R. The coupling of bar 
32 to upper-leg board 30c means that, ultimately, the bed 
head end of upper-leg board 30c is elevated by this circular 
motion. 
On the other hand, due to a circular motion whose radius 

is a linear distance ral from pivotal coupling point 254R (i.e. 
rotation center of parallel link) to the tip of support arm 
202R, roller 203R disposed at the tip of support arm 202R 
rolls down the underside of upper-leg board 30c to provide 
support. Lower-leg board 30d coupled to upper-leg board 
30c is elevated upward at this time, inclining upper-leg 
board 30c and lower-leg board 30d at a prescribed angle. 

The above knee-break action is performed simultaneously 
using both knee-break mechanisms 20R and 20L. Also, 
drive shaft 71 of actuator AC2 can be retracted to reverse 
this action. 

With adjustable bed 1, this series of mechanisms results in 
the knee-break action being performed by a circular motion 
around imaginary rotation center X located a prescribed 
distance above the surface of lower-back board 30b. The 
location of imaginary rotation center X near the motion 
center (e.g. a predetermined joint) of the care recipients 
body when flexed, allows the knee-break mechanism to 
move in sympathy with the body's motion center. This 
prevents any slippage of the care recipient’s body in relation 
to the surface of upper-leg board 30c when the knee-break 
action is performed, thereby suppressing the occurrence of 
bedsores and realizing a natural knee-break action (i.e. 
postural change from lying to knee-break position) that takes 
account of the care recipient’s body movement. 
A feature of adjustable bed 1 is being able, using knee 

break mechanisms 20R/20L, to increase the angle of upper 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
leg board 30c with respect to the reference bed surface when 
the knee-break action is performed, in proportion to the 
length of radius rá, as was the case with sitting-up mecha 
nisms. 10R/10L. In order to incline upper-leg board 30c and 
lower-leg board 30d more dynamically to perform the knee 
break action, either Support arm 202R (and Support arm 
202L) or the pair of moving arms 201R/204R (and moving 
arms 201L/204L) lying in the longitudinal direction of the 
bed can be lengthened, thereby enabling the platform surface 
of coupled platform 30 in adjustable bed 30 to be maintained 
at a low height. Adjustable bed 1 is thus able to exhibit the 
merit of being usable as a low platform bed, which lightens 
the caregiver's workload and makes for an extremely safe 
nursing care bed. 

1-6. Driving of Sitting-Up and Knee-Break Mechanisms 
While the sitting-up and knee-break mechanisms are 

described separately above in order describe each mecha 
nism in detail, these mechanisms (sitting-up, knee-break) 
may of course be operated at the same time according to 
embodiment 1. 

FIG. 7 shows the structure of adjustable bed 1 directly 
after the sitting-up and knee-break actions have been per 
formed. The independent driving of actuators AC1 and AC2 
means that they can be made to operate at the same time by 
setting the motor driver and microcomputer. Note that 
sitting-up mechanisms. 10R/10L having actuator AC1 and 
knee-break mechanisms 20R/20L having actuator AC2 may 
be driven either simultaneously, or sequentially with a slight 
time lag therebetween (e.g. performing the knee-break fol 
lowing the sitting-up action). 

1-7. Related Matters 

While the example shown in embodiment 1 uses direct 
acting actuators, actuators, such as rotational actuators, 
employing other drive methods may be used. Other drive 
Sources may also be used, examples of which include air or 
hydraulic powered actuators. 

While parallel link mechanisms 15R/15L having perpen 
dicular arms 110R(L)/111R(L) are provided in the example 
given in embodiment 1, perpendicular arms 110R(L)/111R 
(L) are not restricted to being disposed perpendicularly. As 
long as perpendicular arms 110R(L)/111R(L) are disposed 
so as to at least intersect the reference bed surface (hori 
Zontal bed Surface) under general conditions, upper-back 
board 30a can be dynamically inclined to perform the 
sitting-up action, while keeping the platform Surface at a low 
height. A similar modification can also be applied to parallel 
link mechanisms 25R(L) having perpendicular arms 210R 
(L)/211R(L). 
Embodiment 2 

2-1. Overall Structure of Adjustable Bed 
FIG. 8 is a side view showing the systematic structure of 

an adjustable bed 1000 pertaining to embodiment 2. FIG. 9 
is an operation diagram of adjustable bed 1000. Plates 6a 
and 6c etc have been omitted here in order to simplify the 
internal structure of adjustable bed 1000. 
As shown in FIG. 8, adjustable bed 1000 differs from 

adjustable bed 1 by virtue of the fact that parallel link 
mechanisms 50R/50L and 60R/60L (50L and 6.0L not 
depicted) equating to parallel link mechanisms 15R/15L and 
25R/25L, also include pantograph mechanisms that provide 
extendibility in the longitudinal direction of the bed. 

Specifically, as shown in FIG. 8, parallel link mechanism 
50R is formed from the combination of three perpendicular 
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arms 6b (plate fixed to frame 2), 501 Rand 111R constituting 
one group, and three moving arms 502R, 101R and 104R 
constituting another group. 
Of these, perpendicular arms 6b/501R and moving arms 

101R/104R are axially supported by pivotal coupling points 
551R, 552R, 555R and 556R, while moving arms 101R/ 
502R and perpendicular arms 501R/111R are axially sup 
ported by pivotal coupling points 554R, 555R, 558R and 
559R. A first parallel link mechanism 560R constituted from 
perpendicular arms 6b/501 R and moving arms 101R/104R, 
and a second parallel link mechanism 550R constituted from 
moving arms 101R/502R and perpendicular arms 501 R/ 
111R are formed within parallel link mechanism 50R as a 
result, culminating in the overall formation of a pantograph 
mechanism extendable in the longitudinal direction toward 
the head end of the bed. The driving of pantograph mecha 
nism is, as shown in FIG. 8, realized by driving actuator 
AC2, due to the coupling of actuator AC2 rotationally 
suspended from perpendicular arm 6b to support arm 102R 
connected to a tip 710 of shaft 71 thereof. 

Parallel link mechanism 60R having substantially the 
same structure as parallel link mechanism 50R, is also 
formed from the combination of three perpendicular arms 6d 
(plate fixed to frame 2), 601 R and 211R constituting one 
group, and three moving arms 602R, 201R and 204R 
constituting another group. 

Perpendicular arms 6d/601R and moving arms 201R/ 
204R are axially supported by pivotal coupling points 651R, 
652R, 655R and 656R, while moving arms 201R/602R and 
perpendicular arms 601 R/211R are axially supported by 
pivotal coupling points 654R, 655R, 658R and 659R. A first 
parallel link mechanism 660R constituted from perpendicu 
lar arms 6d/601R and moving arms 201R/204R, and a 
second parallel link mechanism 650R constituted from mov 
ing arms 201R/602R and perpendicular arms 601 R/211R are 
formed within parallel link mechanism 60R as a result, 
culminating in the overall formation of a pantograph mecha 
nism extendable in the longitudinal direction toward the foot 
end of the bed. The driving of pantograph mechanism is, as 
shown in FIG. 8, realized by driving actuator AC1, due to the 
coupling of actuator AC1 rotationally Suspended from per 
pendicular arm 6d to support arm 202R connected to a tip 
700 of Shaft 70 thereof. 

Parallel link mechanisms 50R/50L (60R/60L) have simi 
lar structures, and are driven by actuator AC2 (AC1). 
2-2. Effects of Adjustable Bed 

Adjustable bed 1000 of embodiment 2 exhibits substan 
tially the same effects embodiment 1, as a result of the 
translational driving of parallel link mechanisms 50R and 
60R (50L, 60L) disposed respectively toward the head and 
foot ends of the bed when the bed is driven, this being 
achieved by driving parallel link mechanisms 50R and 60R 
(50L, 60L) using actuators AC2 and AC1 located directly 
below the mechanisms. 
An additional feature of embodiment 2 is the compact 

disposal of parallel link mechanisms 50R and 60R (50L, 
60L) toward the head and foot ends of the bed, respectively. 
In other words, because parallel link mechanisms 50R and 
60R (50L, 60L) are each formed as a pantograph mechanism 
constituted from two parallel link mechanisms, the use of 
pantograph mechanisms allows the link mechanisms in a 
bed configuration under general conditions to fold down to 
an even Smaller size than embodiment 1. 
The effect of using these pantograph mechanisms is 

particularly demonstrated by the fact because the tip of 
moving arm 104R(L) at the bed-head end and the tip of 
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12 
moving arm 204R(L) at the bed-foot end are coupled to 
perpendicular arms 501 R(L) and 601 R(L), the length of 
various members is Suppressed in comparison with a struc 
ture such as adjustable bed 1, in which moving arms 
104R(L) and 204R(L) are coupled to perpendicular arms 
111R(L) and 211R(L) located respectively toward the head 
and foot ends of the bed. 

In other words, with adjustable bed 1000 an even lower 
bed platform can be realized, because of being able to 
minimize the size of parallel link mechanisms 50R and 60R 
(50L, 60L) in the height direction of the bed. By thus being 
able to lower the platform height, the work efficiency of the 
caregiver (e.g. when helping a care recipient up onto or 
down from the bed) is dramatically improved, in addition to 
reducing any mental anxiety to the care recipient when the 
bed is driven. 

Furthermore, with adjustable bed 1000, being able to 
shorten the moving arms and perpendicular arms in the link 
mechanisms in comparison with adjustable bed 1, as a result 
of the compacting of parallel link mechanisms 50R and 60R 
(50L, 60L), reduces the mechanical flexure and improves the 
stiffness/strength of the various members accordingly, 
thereby enabling safe driving. 
The high stiffness and stable driving of adjustable bed 

1000 obtained in comparison with adjustable bed 1 is due 
also to actuators AC1 and AC2 being structured to push up 
support arms 102R(L) and 202R(L) directly (i.e. drive arms 
105/205 in adjustable bed 1 not necessary). 

Although the present invention has been fully described 
by way of examples with reference to the accompanying 
drawings, it is to be noted that various changes and modi 
fications will be apparent to those skilled in the art. There 
fore, unless such changes and modifications depart from the 
Scope of the present invention, they should be construed as 
being included therein. 

What is claimed is: 
1. An adjustable bed comprising a platform having a first 

Surface member and a second surface member disposed 
adjacently in a longitudinal direction of the bed, and a Gatch 
mechanism for performing a Gatch action to raise a platform 
surface of the first surface member from a reference bed 
Surface, wherein 

the Gatch mechanism includes a parallel link mechanism 
formed from a first arm group that lies in the longitu 
dinal direction of the bed and a second arm group 
disposed at an angle intersecting the reference bed 
surface, with the first surface member being coupled to 
the second arm group by a coupling part, and 

as a result of the secondarm group, when the Gatch action 
is performed, being translationally driven while main 
taining the angle intersecting the reference bed Surface, 
the Gatch mechanism raises the platform surface of the 
first surface member from the reference bed surface due 
to a circular motion of the coupling part around an 
imaginary rotation center located at a prescribed height 
above the second surface member. 

2. The adjustable bed of claim 1, wherein the first and 
second arm groups each include three or more arms, as a 
result of which is formed a pantograph mechanism extend 
able in the longitudinal direction of the bed. 

3. The adjustable bed of claim 1, wherein 
a Support arm lying in the longitudinal direction of the bed 

is fixed to the first arm group at a prescribed angle, and 
the Gatch action involves the Support arm rising up 

together with the translational action of the second arm 
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group, with a coupling point of the first and second arm 
groups as a rotation center, and pushing the first Surface 
member up from below. 

4. The adjustable bed of claim 1, wherein 
the platform includes at least one of (a) an upper-back 

platform and a lower-back platform, and (b) the lower 
back platform and an upper-leg platform, and 

a combination of the first and second Surface members 
equates to at least one of (a) the upper-back and 
lower-back platforms in the same order, and (b) the 
upper-leg and lower-back platforms in the same order. 

5. The adjustable bed of claim 4, wherein 
the platform further includes a lower-leg platform that is 

moveably coupled to the upper-leg platform, and 
the lower-leg platform inclines together with the upper 

leg platform being raised from the reference bed sur 
face when the Gatch mechanism is driven. 
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6. The adjustable bed of claim 1 further comprising a 

mechanism that is interlocked with the Gatch mechanism, 
and elevates the end of the second surface member nearer 
the first surface member to a position higher than the 
reference bed surface when the Gatch mechanism is driven. 

7. A mattress for use with the adjustable bed of claim 1, 
comprising a plurality of mattress sections disposed in a 
longitudinal direction of the bed, wherein 

each section in at least one pair of adjacent mattress 
sections includes a protrusion that fit together in a 
thickness direction of the bed, and 

an overall length of the mattress extends when the Gatch 
action is performed, due to the complementary protru 
sions shifting apart in the longitudinal direction of the 
bed. 


